Core tip: Computed tomography colonography (CTC) can be employed as a "one-stop-shop" examination for preoperative assessment in patients with colorectal cancer (CRC). CTC is well accepted and tolerated by patients and also accurate in the detection of significant colorectal lesions. In patients with CRC, CTC defines the segmental location of the tumor and the presence of synchronous lesions or lack thereof and provides fairly accurate locoregional staging. 
INTRODUCTION
In Europe, colorectal cancer (CRC) is the second most frequent malignant neoplasia and the second most common cause of death from cancer [1] . Whereas in the United States, CRC accounts for the fourth highest incidence of cancer and the fourth leading cause of cancer-related deaths [2] . In European countries, the average relative five-year survival rate for patients with CRC is 54% [3] . However, patient prognosis and treatment largely depend on the
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In patients with colorectal cancer (CRC), accurate preoperative evaluation is essential for a correct therapeutic plan. Colonoscopy and intravenous contrastenhanced computed tomography (CT) are currently recommended in the preoperative work-up for CRC. Preoperative colonoscopy has some limitations such as misdiagnosis of synchronous cancers in cases of incomplete exploration of the colon and inaccurate tumor localization. Intravenous contrast-enhanced CT successfully documents distant metastases although it sometimes enables unsatisfactory locoregional staging. Computed tomography colonography (CTC) is obtained after gas insufflation of the colon and offers a comprehensive preoperative evaluation in patients with CRC, including a definition of the segmental location of the tumor, presence of synchronous lesions or lack thereof, and fairly accurate locoregional staging. CTC has some limitations, including a lack of biopsy capability, suboptimal sensitivity for synchronous small polyps, and unsatisfactory nodal staging. Bearing in mind these limitations, CTC could be employed as a "one-stop-shop" Table 1 Computed tomography colonography scanning technique for a 64-slice scanner 1 disease stage at initial diagnosis. Accurate preoperative evaluation is essential for a correct therapeutic plan, including surgery (open or laparoscopic), radiotherapy or chemotherapy. In particular, a preoperative work-up is aimed to exclude the presence of synchronous cancers, to evaluate local invasion, and to detect nodal and distant metastases. Moreover, precise localization of the tumor is essential for surgical treatment planning, especially in the case of the laparoscopic approach.
A wide range of diagnostic tools is available to study patients with CRC, including optical colonoscopy, double contrast barium enema (DCBE), ultrasound (US), computed tomography (CT), computed tomography colonography (CTC), magnetic resonance (MR) and positron emission tomography (PET) [3, 4] . CTC potentially represents a comprehensive examination for preoperative evaluation of patients with CRC. In particular, it is accurate in the detection of significant colorectal lesions [5] [6] [7] ; enables evaluation of the entire colon, even in cases of obstructive lesions; and allows segmental localization of the tumor. At the same time, CTC permits staging of extra-colonic tumor spread, both locoregional and distant.
CRC may present with non-specific symptoms or signs (rectal bleeding, change in bowel habits, abdominal pain or anemia) or with acute bowel obstruction. Moreover, CRC may be discovered in asymptomatic subjects as the result of screening with fecal occult blood test, sigmoidoscopy, colonoscopy, or CTC. In all cases an ultimate diagnosis is generally made by colonoscopy and biopsy.
Herein, we shall review the technique, benefits and limitations of CTC as a preoperative examination in patients with already diagnosed CRC.
CTC TECHNIQUE
A state-of-the-art CTC examination requires adequate bowel preparation, optimal colonic distension and proper scanning technique [8] . Moreover, in patients with diagnosed CRC, CTC must be performed with an administration of intravenous-iodinated contrast media, as it allows extra-colonic organ evaluation, which is requested in search of distant metastases [8] .
Bowel preparation for CTC in patients with known CRC is usually obtained with a three-day low fiber diet and the administration of a cathartic agent such as a polyetilenglycole solution the day before the CTC examination. In frail or elderly patients, a reduced cathartic preparation should be considered such as a three-day low fiber diet and the administration of 13.8 g of macrogol 3350 (Movicol; Norgine, Milan, Italy) diluted in a glass of water and given at the three main meals for three days before the examination [9] . Fecal tagging should be routinely used, as it improves colonic lesions detection without noticeably affecting image quality after administration of intravenous contrast media [8] . Fecal tagging is usually obtained with 50 mL of iodinated oral contrast agent (Gastrografin; Bayer Schering Pharma AG, Berlin, Germany) administered 2-3 h before the procedure.
Colonic distension should preferably be performed using an automatic carbon dioxide insufflator [10] , although the manual insufflation of room air is acceptable. Before insufflation, if there are no contraindications, including hypersensitivity to the active principle, untreated narrow angle glaucoma and prostatic hypertrophy with urinary retention, we intravenously administer 20 mg of scopolamine butylbromide (Buscopan; Boehringer Ingelheim Italia, Milan, Italy) to improve colonic distension [11] . In patients with stenosing lesions, insufflation should be gradually performed and carefully monitored using CT scout views, as the risk of perforation, although extremely low for CTC, could be increased [12] . The recommended scanning technique for preoperative CTC differs from that adopted for screening CTC, including patient positioning, scan parameters concerning the delivered radiation dose and administration of intravenous contrast media (Table 1 ) [13] . In our institution, for the preoperative evaluation of CRC, a preliminary unenhanced acquisition is performed in a prone position. Then, a portal phase supine scan is performed 70 s after the administration of contrast media [8] . The use of a multi-phasic CT protocol after administering contrast media may be chosen by the radiologist in specific clinical settings (e.g., patients with non-characterized liver focal lesions). An arterial phase thoracic acquisition can also be performed as part of staging, when appropriate. All images are then transferred to a dedicated workstation, which allows visualization of two-dimensional axial and multi-planar reformatted (MPR) images, three- dimensional endoluminal surface-shaded images (SSD) and double-contrast-like reconstructions of the colon.
DIAGNOSIS OF SYNCHRONOUS CANCERS
An important issue regarding patients with CRC is the occurrence of synchronous cancers (SC), which are reported in 2%-11% of the cases [14] [15] [16] . A search for SC is routinely performed during open surgery for CRC, but intra-operative palpation of the colon can miss up to 69% of SC [17] . Moreover, in case of the laparoscopic approach to CRC, the surgeon cannot explore the entire colon in a search for simultaneous lesions. Missed diagnosis of SC can lead to increased morbidity and progression of CRC to a more advanced stage [18] . In fact, preoperative identification of SC implied a more extended colonic resection in 11%-44% of cases [18] . Because patients undergoing preoperative conventional colonoscopy have fewer local recurrences, fewer distant metastases and a longer disease-free survival time [19] , full preoperative colonic evaluation with colonoscopy should always be performed in patients with CRC.
In case of incomplete colonoscopy due to an insuperable stenosing cancer or other causes (e.g., inadequate bowel preparation, anatomic variants, fixed colon segments, patient's intolerance to the procedure), endoscopic diagnosis of synchronous lesions may be precluded. A recent study showed that advanced neoplasia could be missed in up to 4.3% of patients during incomplete colonoscopy, suggesting that further colonic evaluation is mandatory in these cases [20] . To complete evaluation of the colon, radiological examinations can be performed, such as double-contrast barium enema (DCBE) and CTC.
A multi-centric randomized trial comparing diagnostic performance of DCBE and CTC in patients with suspected CRC clearly showed that diagnostic accuracy of DCBE for CRC is not satisfactory [21] . In particular, barium enema missed 12 of 85 cancers [21] . However, CTC showed a sensitivity for cancer and adenomas larger than 10 mm comparable to colonoscopy, namely 96.1% [5] and 84%-92.2% [6, 7] . Moreover, CTC is well tolerated by patients [22] , and its complications are exceedingly rare [12] . However, CTC has some limitations. It does not allow the biopsy or removal of discovered lesions, precluding histological diagnosis. Moreover, its sensitivity for intermediate polyps (6-9 mm) is lower than that of colonoscopy, namely 70%, and even worse, 48%, for diminutive lesions (< 5 mm) [23] . In fact, small polyps can be overlooked by preoperative CTC.
Several studies showed that CTC represents a valuable tool to evaluate the proximal colon after incomplete colonoscopy [24] [25] [26] [27] [28] , and the American Gastroenterologists Association (AGA) recognized that CTC is indicated for adults with failed colonoscopy [29] . Several studies evaluated the role of CTC in patients with CRC and incomplete colonoscopy. In patients with CRC, a CTC with complete colonic distension was achieved in 83% to 100% of the cases [24, [30] [31] [32] . In a series of 174 patients with CRC, McArthur et al [32] showed that all synchronous cancers and 83.3% of synchronous polyps greater or equal to 10 mm were identified by CTC. Other studies with smaller groups of patients reported that CTC depicted all synchronous cancers and had a sensitivity for polyps greater or equal to 10 mm of 100% [24, 30, 31] . One study showed that CTC is technically feasible and well tolerated also in patients with CRC presenting with acute or subacute bowel obstruction [33] . Finally, a study proved that CTC is a safe and useful method for preoperative examination of the proximal colon after metallic stent placement in patients with acute colon obstruction caused by cancer [34] . Overall, the above data indicate that CTC, despite its limitations, should be the examination of choice to complete colonic examination after incomplete colonoscopy in patients with CRC (Figure 1 ), as it reliably detects synchronous cancers and polyps, allowing surgical removal of cancer and/or post-operative endoscopic polypectomy.
TUMOR LOCALIZATION
Tumor localization is another significant issue of preoperative work-up for CRC, especially in the case of the laparoscopic approach. Laparoscopic surgery for CRC is increasing in clinical practice as it showed comparable results to those of open surgery in randomized trials [35] . Accurate preoperative localization is fundamental in laparoscopy-assisted colectomy because the colon cannot be palpated during the procedure and the lesion may not be apparent on the serosal surface, adding the risk of removing the wrong colonic segment [36] . Precise endoscopic localization of the tumor can be challenging as anatomical landmarks may not be readily apparent at colonoscopy and often only the distance from the anal verge is recorded. The endoscopist can also be confounded by the presence of a redundant colon or anatomic variants. In fact, studies showed that colonoscopy has a suboptimal accuracy in locating the tumor, which can be incorrect in 14%-21% of the cases [37, 38] , especially in the sigmoid and descending colon [37] . Other techniques can be used to precisely localize colonic lesions, such as barium enema, CTC, endoscopic tattooing, and intraoperative colonoscopy [39] . As DCBE is a suboptimal tool to detect CRC, its usefulness for tumor localization is questionable. Moreover, DCBE does not clearly show the position of the various colonic segments in the three dimensions leading to potential errors, especially in the transverse and sigmoid colon. CTC clearly demonstrates the involved colonic segment, the length of tumor extension and its relationship with adjacent organs, vascular structures and peritoneal spaces. On 94 patients with CRC, the accuracy of CTC for tumor localization was 94.7% [39] . In 65 patients with CRC, the sensitivity and specificity of CTC in determining the location of colonic masses were found to be 100% and 96%, respectively, whereas colonoscopy failed to precisely localize the tumor in 24% of cases [40] .
CANCER STAGING
Treatment of CRC depends on the preoperative assessment of disease extension. Colorectal carcinomas are clinically staged using the TNM system established by the American Joint Committee on Cancer (Table 2 ) [41] . Chest and abdominal CT is recommended for the preoperative staging of CRC by the European Society of Medical Oncology [3] and by the American College of Radiology [4] , with the exception of rectal cancer, for which magnetic resonance is more accurate for T staging. Although CT is the examination of choice, disappointing results have been reported with staging accuracy, ranging from 48% to 77% [42] . CTC potentially represents a comprehensive examination for CRC staging, as it allows for the evaluation of the inner and outer colonic wall (T stage), pericolonic lymph nodes (N) and distant metastases (M) (Figure 2) .
Several studies evaluated accuracy of CTC for T and N staging of CRC [42] [43] [44] [45] [46] [47] . Because CT cannot discriminate the different bowel wall layers, a simplified T staging system has been proposed for CTC reports with a grouped T1/T2 category for lesions confined to the bowel wall, T3 category for lesions invading subserosal fat and T4 category for cancer invading adjacent organs [42] .
To distinguish T1/T2 from T3 cancers, both colonic wall deformity and lesion outer borders should be considered. As suggested by Utano et al [44] , intestinal wall deformity associated with CRC and observed on SSD reconstructions can be classified into arc type, trapezoid type, and apple-core type. Arc type is defined as a smooth concave wall deformity, trapezoid type is defined as a square-like irregular wall deformity involving less than 50% of the circumference of the lumen, and apple-core type is defined as a trapezoidal wall deformity involving more than 50% of the circumference of the lumen. The arc or trapezoid type is associated with T1/T2 cancers (Figure 3 ), whereas the apple-core type is associated with T3/T4 (Figure 4) . In a series of 246 patients with CRC, the sole evaluation of wall shape deformity, as described above, showed an overall accuracy for T staging of 79% [44] . With a similar classification of wall deformity, an accuracy of 77.6% was reported in another study [43] . Colonic wall outer margins should also be evaluated to distinguish T1/T2 from T3 cancers. Rounded or nodular advancing margins in perivisceral fat are considered an expression of a T3 stage cancer [42] . The presence of spiculations within the fat is not universally considered a sign of pericolonic fat invasion, as spiculations can be caused by inflammatory reactions and extramural fibrosis [48] . Direct invasion or absence of a fat cleavage plane from an adjacent organ indicates a T4 stage cancer. Using the above-mentioned criteria, the overall accuracy of CTC for T staging ranged from 66% to 95% [42] [43] [44] [45] [46] [47] . The identification of nodal involvement with CT is limited by the use of dimensional and other morphological criteria, such as clustering. In particular, as proposed by Filippone et al [42] , N1 stage can be assumed on CTC if a cluster of three nodes is present, independent of their size, or if fewer than three lymph nodes are present, with at least one of the nodes measuring 10 mm or more in the long axis. In stage N2 neoplasms, more than three perivisceral lymph nodes are identified, regardless of their size ( Figure 5 ). Using these criteria, the overall accuracy of CTC for N staging ranged from 70% to 85% [42] [43] [44] [45] [46] [47] . Notably, the accuracy of CTC for nodal staging may be unsatisfactory because the presence of regional lymph-node metastases represents an important indication for adjuvant chemotherapy, and up to 30% of node-negative patients eventually develop distant metastases, possibly as a consequence of lymph-node micrometastases [49] . It has been emphasized that the use of MPR images [45] , and in particular of true axial images along the short axis of the colonic segment [50] , improves the depiction of the outer margins of the lesion, of the relationships with adjacent organs and of regional lymph nodes, leading to more accurate T and N staging.
Finally, similar to standard contrast-enhanced abdominal CT, CTC with intravenous contrast administration allows for the identification of liver metastases (Figure 6 ), retroperitoneal or iliac lymph node enlargement, and the presence of peritoneal carcinosis ( Figure  7) . Moreover, scans conducted at the level of the lower pulmonary lobes can identify lung metastases.
CONCLUSION
CTC is a reliable technique to define the precise segmental location of CRC, to establish the presence of synchronous cancers and polyps greater than 10 mm, and to perform a fairly accurate tumor staging. These factors notwithstanding, CTC has some limitations, including a lack of biopsy capability, suboptimal sensitivity for synchronous small polyps, and unsatisfactory nodal staging. Bearing in mind these limitations, CTC could be employed as a "one-stop-shop" examination for preoperative assessment in patients with CRC. 
